Marbling (intramuscular fat) is the most economically important meat quality trait in Hanwoo (Korean cattle). The endothelial differentiation G-protein coupled receptor 1 (EDG1) gene, involved in blood vessel formation, is located within the genomic region of a quantitative trait locus (QTL) for marbling on bovine chromosome 3. Thus, the EDG1 gene can be considered as a positional and functional candidate gene for meat quality in beef cattle. This study aimed to identify single nucleotide polymorphisms (SNPs) in the EDG1 gene and to evaluate their associations with carcass traits in Hanwoo population. We have sequenced a fragment of 5'-UTR of the EDG1 gene and identified one SNP. Genotyping of the g.166A>G SNP marker was carried out using PCR-RFLP analysis in 309 Hanwoo steers in order to evaluate their association with carcass traits. The g.166A>G SNP marker showed a significant effect on the marbling score. Animals with the GG genotype had higher marbling score compared with AA and AG genotypes (p<0.05). This SNP marker also showed a significant additive effects for the marbling score (p<0.05). These results suggest that the EDG1 gene can be used as a molecular marker for DNA marker-assisted selection in order to increase the levels of the marbling score in Hanwoo.
Introduction
Generally, marbling means the amount and distribution of intramuscular fat in a cross section of musculus longissimus muscle (Cameron et al., 1994) . In particular, eating quality traits such as taste, juiciness and tenderness of meat are influenced by the amount of intramuscular fat (Platter et al., 2005; Chung et al., 2008) . High levels of marbling improve the palatability and acceptability of beef by affecting the taste and tenderness of the meat (Busboom et al., 1993; Boylston et al., 1995; Matsuishi et al., 2001; Yamada et al., 2009a) . In addition, marbling is the most economically important meat quality trait in beef industry of Korea because carcass value is primarily determined by the degree of marbling. Therefore, the challenge to the beef cattle industry in Korea is the production of meat with higher marbling score. However, meat quality traits such as marbling can usually only be measured post-slaughter, so that making progress using direct measurements is difficult (Gill et al., 2010) . The accumulation of intramuscular fat is largely influenced by the genetic background of cattle, as well as their age and nutrition (Wang et al., 2009 ). Although physiological regulation and genetic controls of carcass and meat quality traits are under the control of multiple genes, there is considerable evidence that specific gene or gene markers have very large effects on carcass traits (Warner et al., 2010) . Some previous studies have reported candidate genes associated with marbling in beef cattle breeds. Currently, the leptin, thyroglobulin, DGAT1 gene and growth hormone genes have been identified to affect marbling deposition. Thus, it is important to identify gene markers that can be used as early biomarkers for the prediction of marbling development in beef cattle. DNA markers found in various candidate genes linked to economically important traits have been incorporated into commercially available DNA marker tests for meat quality in beef cattle (Gill et al., 2010; Van Eenennaam et al., 2007) .
The endothelial differentiation sphingolipid G-proteincoupled receptor 1 (EDG1) gene, which is known to be involved in blood vessel formation (Liu et al. 2000) , has been previously shown to possess higher expression levels in a high-marbled steer group than in low-marbled steer group in musculus longissimus muscle in Japanese Black cattle (Sasaki et al., 2006a; Sasaki et al., 2006b 
Materials and Methods

Animals and carcass data
We used 309 unrelated steers produced in a progeny testing program of National Institute of Animal Science (NIAS) of Korea. The pedigree record of steers was produced from 52 sires collected by the Korean Animal Improvement Association. All steers were reared under the tightly controlled conditions of the feeding program in the Daekwanryeong and Namwon branch stations of NIAS so as to exclusive variations due to feeding, management and age at slaughter. They were weaned at a mean age of 3 mon and fed with 30% concentrates and 70% roughage until 6 mon of age. After 6 mon of age, they were housed in a tie-stall and fed ad libitum on roughage and concentrate diet during performance testing period. Live weights were determined before slaughter. The animals were slaughtered at 24 mon of age with mean live weight of 538.2±51.56 kg at a commercial slaughter house. The carcass phenotypes analyzed in the current study included live weight (LW), carcass weight (CW), dressing percentage (DP), backfat thickness (BFT), Longissimus dorsi (ribeye) muscle area (LMA), and marbling score (MS). The carcasses were chilled for 24 h at 4 o C. Meat yield grades for carcass were determined by cold carcass weight. Meat samples were collected from 13th thoracic rib to the first lumbar vertebrae of the steers within 24 h of slaughter and evaluated according to the Animal Product Grading System of Korea. The BFT and LMA were measured between the 12th and 13th rib interface. The MS was scored on a scale from 1 (worst) to 7 (best) with a cross section of the longissimus muscle at the 12th to 13th rib interface according to the Korean Beef Marbling Standard. The number of records, overall means and standard deviations (SD) of phenotypic values are shown in Table 1 . For each animal, genomic DNA was extracted from whole blood by using Salting-out protocol (Miller et al., 1988) . The DNA sample was suspended in TE buffer (10 mM Tris-HCl, pH 7.4; 1mM EDTA) and stored at -20 o C until analysis.
Sequencing, cloning and SNP discovery PCR primers for amplification and sequencing analysis were designed based on the DNA sequence of the bovine EDG1 gene from GenBank accession no. NC_007301.5 (from Btau4.6.1) that included 5'-UTR to screen SNP in the EDG1 gene from Hanwoo. We have amplified a fragment (691 bp) at the 5' -UTR region of the EDG1 gene. The EDG1 gene was amplified by PCR using the following primers: forward primer (5'-CTAAAGAAGCCACT-CAGCCTCA-3') and reverse primer (5'-GTGGAATTC-TCAAGACCACAGC-3'). The PCR reaction was performed in a 20 µL reaction mixture containing 10 pM of each primer, 1. . PCR-generated fragments were identified on 2% agarose gel. The fragments were inserted into pGEM T easy vectors for blue and white selection with DH10B competent cells. Positive clones were sequenced using an automated DNA sequencer (ABI 3130XL, Perkin-Elmer, USA) with BigDye 3.1 reagents.
SNP genotyping using PCR-RFLP For association with carcass phenotypes, genotyping of g.166A>G SNP (numbering according to GenBank accession no. NC_007301.5, from Btau4.6.1) within the 5'-UTR of the EDG1 gene was performed by a PCR-RFLP (restriction fragment length polymorphism) method. Restriction enzyme MscI for the g.166A>G SNP was determined using the SEQMAN program of DNAstar version 6.0. To genotype individual animals, RFLP analysis was performed using 10 µL of PCR products and 2 U of restriction enzyme and incubated at 37 o C for 3 h. The digested DNA fragments were separated on 2% agarose gel by electrophoresis with 1 X TBE buffer. The gels were stained with ethidium bromide and the fragments were visualized using a UV transilluminator (Ultra Rum Inc, USA). To define each genotype according to band patterns, the PCR products of different RFLP type corresponding to each genotype were sequenced and analyzed for nucleotide changes.
Statistical analysis
Allele and genotype frequencies of SNPs and HardyWeinberg equilibrium were estimated and tested using PROC ALLELE (SAS Inst. Inc., NC). Associations between SNP genotypes of the EDG1 gene and carcass traits were analyzed with the following liner mixed model using the MIXED procedure of SAS.
Where, Y ijklm is the carcass phenotype, µ is its overall mean, S i is the effect of sire, YS i is the effect of year and season at calving, SP k is the effect of slaughter place, A l is the effect of age at slaughter (covariate), G m is the fixed effect of SNP genotype, and e ijklm is the random residual. Significant differences among mean values of different genotypes were calculated using Duncan's multiple range test, and determined to be statistically significant at p<0.05.
The additive and dominance effects were also estimated using REG procedure of SAS version 9.2, where the additive effect was denoted as -1, 0, and 1 for AA, AG, and GG, respectively, and the dominance effect was denoted as 1, -2, and 1 for AA, AG, and GG, respectively.
Results
SNP identification in the Hanwoo EDG1 gene
For SNP detection of the EDG1 gene in Hanwoo, a mixed DNA sample from 100 unrelated Hanwoo steers was amplified and sequenced. In this study, one SNP was identified in the EDG1 gene by sequencing analysis: an A to G substitution located 166 bp downstream of the transcription initiation site in the 5'-UTR (g.166A>G).
SNP genotyping by using PCR-RFLP method
Genotyping of the SNP located at position g.166A>G within the 5'-UTR of the EDG1 gene was performed by a PCR-RFLP method (Fig. 1) . PCR fragments (691 bp) containing the SNP site were amplified and digested with MscI enzyme. The G allele remained uncut at 691 bp because of the absence of a MscI recognition site, while the A allele, characterized by a MscI restriction site, was cleaved into two fragments of 79 and 612 bp. All three possible SNP genotypes, AA, AG and GG, were observed in Hanwoo population. The AA homozygotes, AG heterozygotes, and GG homozygotes resulted in two bands (612 and 79 bp), three bands (691, 612 and 79 bp), and one band (691 bp), respectively. The allele and genotype frequencies are shown in Table 2 . In g.166A>G SNP, the frequency of allele A (59.1%) was slightly higher than that of allele G (40.9%). The genotype frequencies were as follows: 33.9% AA, 50.2% AG, and 15.9% GG for the g.166A>G SNP, and observed genotype distributions were in good agreement with those expected according to the Hardy-Weinberg equilibrium in this population. The
Hanwoo population also expressed relatively high heterozygosity value (0.607) for the SNP.
Association analysis of gene-specific SNP marker with carcass traits
The results of the g.166A>G SNP marker association analysis are presented in Table 3 . The SNP marker of g.166A>G was significantly associated with the MS. The G allele showed a significant increasing effects on MS. Animals with the GG genotype had higher MS than animals with AA and AG genotypes (p<0.05). This SNP marker also showed a significant additive effects for the MS (p<0.05). No significant association, however, was detected between any of the SNP genotype and other carcass traits measured in this study.
Discussion
Marbling defined by the amount and distribution of intramuscular fat is an economically important trait of beef cattle in Korea. The marbling is generally considered to increase juciness and tenderness of meat, and therefore to have a positive association with eating quality (Gutierrez-Gil et al., 2008; Wood et al., 1995). A better knowledge of the molecular mechanism of marbling is important as it may generate new opportunities for more effective marker assisted selection, leading to economic Thus, our present study will be the report to show additional candidate gene associated with marbling score in Hanwoo population. Sphingolipid signaling pathways have been implicated in many critical cellular events. Sphingosine-1-phosphate (SPP), a sphingolipid metabolite found in high concentrations in platelets and blood, stimulates members of the endothelial differentiation gene (EDG) family of G protein-coupled receptors and triggers diverse effects, including cell growth, survival, migration, and morphogenesis (Liu et al., 2000) . The endothelial differentiation sphingolipid G-protein-coupled receptor 1 (EDG1) gene as lipid receptors plays an important role in vascular maturation and shows that sphingolipid signaling is essential during mammalian development (Liu et al., 2000) .
In this study, we identified one SNP within the EDG1 gene and the g.166A>G SNP markers were evaluated with respect to their effects on several carcass and meat quality traits in Hanwoo. A significant difference (p<0.037) was obtained for marbling score between SNP genotypes of g.166A>G marker but not for other measured traits. The animals with homozygous genotype GG showed a significantly higher marbling score compared with those of heterozygous genotype AG or homozygous genotype AA. The results of this study contribute to the information available on genetic markers for meat quality, especially intramuscular fat content. Therefore, the g.166A>G SNP marker of EDG1 gene could be used for substantial improvement of marbling in Hanwoo. However, this EDG1 SNP marker did not affect other traits such as live weight, carcass weight, dressing percentage, backfat thickness, and M. Longissimus dorsi area. Yamada et al. (2009a) first identified two SNPs in the 5'-UTR and the 3'-UTR of EDG1 gene, referred to as c.-312A>G and c.*446G>A, respectively, and analysed association of the SNPs with marbling and subcutaneous fat thickness in Japanese Black beef cattle. The g.166A>G SNP identified in this study is identical to previously reported SNP (c.-312A>G) in Japanese Black cattle. They also reported that the EDG1 SNP markers were associated marbling score level in a Japanese Black beef cattle population, with the G allele of the SNP being associated with a high level of marbling score. These results were consistent with this study. The 5'-UTRs within the genomic regions are involved in many post-transciptional regulatory pathways that control mRNA localisation, stability, translation efficiency, and initiation of protein synthesis (Cheong et al., 2006; Shabalina and Spiridonov, 2004) . The posttranscriptional events play an important, yet incompletely understood, role in regulatory gene expression and cellular behaviour; many of the identified cis-acting elements for translational regulation occur within the UTR (Conklin et al., 2002). The EDG1 gene has been previously shown to possess expression difference in musculus longissimus muscle between high-marbled and low-marbled steer groups, and to be located within genomic region of QTL for marbling. These finding suggest that the SNPs within the 5'-UTR of EDG1 gene are associated with variations in the intramuscular fat deposition of musculus longissimus muscle. Therefore, EDG1 gene-specific SNP identified in this study may be a potential candidate DNA marker for marbling of Hanwoo. In conclusion, we have demonstrated that the SNP marker of EDG1 gene is significantly associated with marbling score and will be useful for effective marker-assisted selection to increase the levels of marbling in Hanwoo. Further studies are will be needed to confirm the associated effect on other populations and to detect additional SNP markers of EDG1 gene in Hanwoo.
